Program (NSLP) guidelines aim to reduce sodium and saturated fats, limit calories, and eliminate trans-fat and whole milk. This paper provides a novel approach to understanding how the healthfulness of NSLP participants' entré e selections varies across socioeconomic and demographic groups. Unlike previous studies that rely on dietary recalls, we use a mixed logit model to examine students' entré e choices in a school cafeteria. We estimate the likelihood that an entré e is selected from the available lunch choices as a function of the entré e's nutrients (fat, carbohydrate, protein, and sodium) and entré e's taste profile characteristics (e.g., Mexican, Pizza-like), as well as the student's socio-economic and demographic characteristics. Using these estimates, we examine how changing the nutritional content of an offering impacts the probability of selecting each of the offerings. Free lunch recipients are more likely to choose entré es higher in fat but lower in sodium than other students. Full-price lunch recipients are the most responsive to changes in nutritional content of the offerings and are most likely to respond to changes in the nutritional content of the offered entré es by substituting a lunch brought from home for the school-purchased lunch. Replacing less healthy menu items with popular but healthier items reduces the selection of total calories, calories from fat, and sodium by approximately 4%, 18%, and 8%, respectively, over the study period. The new guidelines should be effective at improving the nutrition of school-age children, and potentially reducing childhood obesity, provided NSLP participation does not decline appreciably.
from households with an income exceeding 185% of the poverty line may purchase "fullprice" lunches. In 2012, over five billion lunches were served nationwide to an average of 31.7 million students per day (Food and Nutrition Service 2014a).
New guidelines effective beginning in the 2012/13 school year aligned the nutritional requirements of lunches provided under the NSLP with the 2010 Dietary Guidelines for Americans (USDA 2012) . These new guidelines increased the availability of healthful foods (fruits, vegetables, and whole grains), reduced sodium and saturated fat contents, limited total calories, and eliminated trans-fat and whole milk from the meals. The new guidelines aim to improve the nutrition of school-aged children and curb the growing obesity epidemic (Food and Nutrition Service 2014b).
As of July 2012, the federal guidelines for kindergarten through fifth grade required schools participating in the NSLP to offer at least one option for each of the five meal components (meat/meat alternate, grain, fruit, vegetable, and milk) daily (USDA 2012). Students are not required to take all of the meal components for the school lunch to receive government reimbursement for the meal. However, the student must select a minimum of three items from the five offered components, one of which must be a fruit or vegetable. In addition, 50% of all grains must be whole-grain rich and total calories per lunch must average between 550 and 650 kcal over a five-day week. By the 2014/15 school year, 100% of all grains must be whole grain. While the new guidelines also dictate reduced sodium limits, more time was granted to allow food vendors sufficient time to modify their products to meet these standards. 2 Although schools that offer the NSLP must adhere to the USDA guidelines regarding menu offerings, individual schools have the ability to select the food items offered on any particular day and generally offer several entrée (meat/meat alternate) options (Fox and Condon 2012) .
As a result of offerings that vary substantially in nutritional content, children who participate in the NSLP on the same day in the same school may select lunch items that vary considerably in nutrient quantity and nutritional quality. In this paper, we investigate how the nutritional content of NSLP entré es chosen by participants varies systematically across different socioeconomic and demographic groups. Identifying systematic differences is particularly important for the NSLP because of its dual goals of providing food assistance to undernourished children and combating rising rates of childhood obesity (Food and Nutrition Service 2014b). Obesity rates have increased dramatically in the past three decades, for children as well as adults (Fryar, Carroll, and Ogden 2014) . The prevalence of obesity is highest amongst non-white minorities and socioeconomically disadvantaged populations (Crawford et al. 2006; Denney et al. 2004; Haas et al. 2003) . These populations are the same groups that are more likely to participate in the NSLP. The unequal incidence of childhood obesity across socio-economic and demographic groups complicates the simultaneous achievement of the NSLP's goals.
Our study uses a unique dataset to analyze the overall healthfulness of entré e choices made by children who participate in the NSLP. Using point of sale (POS) data and data on absenteeism, we track the lunch choices of students from 11 suburban elementary schools in a South Carolina school district. To our knowledge, our study is the first to combine POS data with data on student absences. In our empirical model, we assume that children's preferences for the lunch choices are a function of the nutrient content of the offered lunches, either directly (e.g., a student prefers the entré e with the lowest amount of fat) or indirectly (e.g., a student prefers the option that tastes the best, and fat indirectly determines his preference), as well as other taste characteristics of the meal. Specifically, we estimate how the nutritional composition and taste characteristics of an entré e affects the likelihood of students selecting each entré e from the set of options (consisting of entré es offered by the school and the option to bring a lunch from home) using a mixed logit model. We also estimate how those likelihoods differ by income, race, gender, and grade. We then use the estimated demand model to explore the implications of changing the nutritional content of an offering on the probability of selecting each of the offerings and analyze these changes by socioeconomic and demographic group.
We find that increasing the fat or protein contents of an entré e increases the probability of its selection, while increasing the carbohydrate content reduces its probability of selection. Furthermore, we find the nutrient contents of the selected entré es vary systematically by socio-economic and demographic characteristics. Free lunch recipients are more likely to choose entrées higher in fat and protein but lower in carbohydrates and sodium, while students paying full-price are more likely to choose lunches from home and entré es higher in protein or sodium than lower-income NSLP participants. Students paying full price are more responsive to changes in the nutritional contents of the offering. Reducing the sodium content or increasing the carbohydrate content of school lunches would result in significantly more full-price students opting to bring a lunch from home; there are similar but smaller effects for the other socioeconomic groups.
Our findings have important policy implications. Most importantly, students are likely to reject those entrées that are most compatible with the NSLP's stated goal of reducing childhood obesity. Our findings also suggest responses to the mandated changes in the nutritional content of offerings will vary considerably by socioeconomic and demographic groups. Fullprice participants are most likely to respond to changes in the nutritional content of the offered entré es and respond by substituting a lunch from home for a purchased school lunch. While students who receive free or reduced-price lunches also prefer the less healthy options, they are often constrained by income and will likely continue to participate in the NSLP. Thus, if NSLP participation does not decline appreciably, the new guidelines should be effective at improving childhood nutrition.
Child Nutrition and NSLP Participation
Since the changes to the NSLP guidelines occurred recently, little is known about the specific food choices children make under the revised guidelines. Cohen et al. (2014) compared food selection and consumption before and after the implementation of the new guidelines. While there was no significant increase in the percentage of selected meals containing a vegetable after the new guidelines were implemented, students who selected the vegetable consumed statistically significantly more of the selected vegetable in the post-implementation sample. Similar results were found for the entré e meal component. The authors also found a statistically significant increase in the percentage of selected meals containing the fruit component. However, consumption of the fruit component by the students who selected fruit remained constant across the pre-and postimplementation samples. Overall, however, children consumed more fruit following the implementation of the new guidelines because more children selected the fruit options. The authors conclude that the new guidelines improved participants' diet quality.
The findings of prior research investigating whether NSLP participation enhances health under the previous guidelines are mixed. Research by Millimet, Tchernis, and Husain (2010) and Schanzenbach (2009) suggest a positive relationship between NSLP participation and obesity, while research by Gunderson, Kreider, and Pepper (2012) and Gleason and Dodd (2009) suggest the association is negative. Justifications for the mixed findings include use of different data sets, differences in how NLSP participation is defined, and differences in statistical and empirical analysis procedures. While these studies analyze the effect of participation in the NSLP on the propensity to be obese, they do not examine the energy-yielding macronutrient composition (carbohydrates, protein, and fats) of the foods selected or consumed.
Studies conducted prior to 2012 that analyze food consumption at lunchtime find that NSLP participants consume more calories, fats, and sodium than non-participants (Gleason and Suitor 2003; Hanson and Olson 2013) .
Moreover, relative to nonparticipants, NSLP participants consume a higher fraction of total calories from fats (Gleason and Suitor 2003) . However, a study comparing NSLP lunches with lunches from home after the implementation of the new guidelines finds that school lunches were more nutritious and provided less fat, saturated fat, and sugar, and more protein, calcium, and fiber than lunches from home (Farris et al. 2014) .
While much of the previous research focused on comparing lunches consumed by NSLP participants to those consumed by non-participants, few prior studies compared the nutritional content of the meals selected by participants across income levels. One exception is a recent study by Hanson and Olson (2013) comparing the dietary intakes of low-income and highincome NSLP participants and nonparticipants using dietary recall data. These authors found that participants consumed more saturated fats and sodium than nonparticipants, with higher-income participants having lower saturated fat intakes than lower-income NSLP participants. Their findings, however, do not account for other factors such as race/ethnicity, gender, grade, and unobserved, student-specific preferences that may influence the decision to obtain a particular school lunch or to bring a lunch from home. Our modeling approach incorporates all these factors as determinants of school lunch choices.
Modeling Children's Lunch Selections
Consistent with our data and the offerings of the analyzed school district, we assume, on each day a student attends school, that the student chooses one of four lunch options: three options provided by the school ("Entree 1," "Entree 2," or "Vegetarian"), and a fourth option of bringing a lunch from home ("Home Lunch"). We assume that a student's preferences for the various lunches can be described by the nutritional contents of the lunches and the lunches' taste profile categorization, and that the student selects the lunch that maximizes his/her utility subject to his/her budget constraint. For each offered lunch, we use measures of its fat, protein, carbohydrate, and sodium as determinants of the attractiveness of the lunch option to the students. In addition, we categorize each offered lunch into six groups based on the lunch's taste profile: pizza, breaded chicken, Mexican-style, hamburger/ hot dogs, sandwiches, and other. We also use these categorizations as determinants of the attractiveness of the lunch option to the students.
We use a random utility framework to model the student's discrete choice of selecting a lunch. Specifically, suppose a child's preferences for the lunch options can be described by ) take the value of 1 when the offering is classified as that particular taste profile categorization, and 0 otherwise. Since only differences in preferences are identified from choice data, we make Pizza-like the base category and exclude it from the model. The other taste category coefficients measure how a student's preferences for each category differ from those s/he has for Pizza.
We allow each student to have his or her own set of preferences over the nutritional profile (fat, carbohydrates, protein, and sodium) and taste profile categories (Breaded chicken, Mexican-style, Hamburger/hot dogs, Sandwiches, and Other). Student preferences for each of the nutrients and taste profile categories (e.g., student i's preferences for Breaded Chicken versus Pizza are described by the coefficient b BC i ) depend on observed demographic characteristics as well as a set of normally distributed, random, student-specific components that do not vary across the observation period. In addition, we allow for transitory unobserved factors to affect preferences. These factors capture characteristics like unmeasured preferences (e.g., preferences for other nutrients besides fat, carbohydrates, protein, or sodium that are not captured by the taste profile measures) and idiosyncratic tastes (e.g., preferring soup on a cold day) that can also affect the student's preference for the lunch on any given day. This is captured by the random components e j i;d . We assume these tastes are known by the student but unknown by the researchers. These random terms ( e j i;d ) follow a Gumbel distribution and are assumed independent across days, students, and entrée choices.
Price is not included in the model for two reasons. First, for each student i, price is constant across the three lunch options offered at school. Second, the price of the lunch from home is not observed by the researchers. The price of the lunch from home likely varies across students and days, and we assume it is part of the gumbel error term.
We assume on each day student i attends school, he or she chooses the most preferred lunch out of the set of four possible lunch options available on that day. Hence, for all k 6 ¼ j, U To incorporate these features into the empirical model, we use a random coefficient conditional (mixed) logit model. In cases where the student did not choose a school lunch, we assume the student brought a lunch from home unless the school reported the student as absent. If a student is absent on a particular day we do not model a lunch selection for him/her on that day.
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For the vegetarian and home-lunch options, we model student i's preferences a bit differently from equation 1. In the school district studied, the vegetarian option did not vary across days and hence the nutritional content of this option does not vary across days. Because of this, we can use a more general specification that includes equation 1 as a special case. We model the child's preferences for the vegetarian entré e option as
Each student's "typical" preference for the vegetarian option (b Veg i ) also depends on observed demographic characteristics, as well as a set of random student-specific components that do not vary across the observation period, as we describe below.
While the nutritional content of lunches brought from home obviously varied across days and individuals, we do not have information pertaining to the potential nutritional contents of these meals. Instead, we model the utility from a home lunch as a function of observed and unobserved time-invariant child-specific characteristics and an error term that varies independently from day to day. In this formulation, variations across days in the nutritional content of the offered home lunch are only captured by the time-independent error component. In particular, we model the child's preference for a home lunch as ). We allow all of these beta coefficients to vary by race, grade-level, gender, and the student's eligibility for a free or reduced-price school lunch. The coefficients also depend on a student-specific random component (g k i Þ that is freely correlated across the nutrients and lunch options. In particular,
for k 2 fFat, Carb, Protein, Sodium, BC, Mexican, HBD, Sandwich, Other, Veg, Home}. We use the indicator function 1½: to generate dummy variables for race, lunchprice status, grade, and gender, where the indicator function equals 1 when the expression inside the brackets is true, and 0 otherwise. For example, 1 price i ¼ reduced ½ equals 1 only for those children who are eligible for reduced-price lunches. Price serves as a proxy for the student's household's level of income, while grade serves as a proxy for age. We include these covariates to account for differences in preferences that vary by socioeconomic and demographic characteristics. The base category, corresponding to the omitted set of characteristics, is a white girl in kindergarten who is eligible for a free school lunch. The random, unobserved, studentspecific preference components (g k i sÞ follow an eleven dimension, mean zero, normal distribution with an unrestricted covariance matrix.
The likelihood function for the ith student's choices of school lunches across all days s/he was in school is given by 
Þ:
We use the mixlogit program in Stata to estimate this model using the default options for Halton draws to simulate the eleven-variate multivariate normal integration. 4 We allow for student-level random effects, and standard errors are clustered at the student level. There are a total of 198 parameters to estimate in this empirical model.
The a parameters in this mixed logit model do not have simple interpretations in terms of demand functions, and hence we do not report them. Instead, we calculate the predicted probabilities that each of the four options is selected from the set of entré e choices. Most importantly, we describe how these predicted probabilities vary as a function of the observable nutrition components of the two nonvegetarian school lunches. We calculate, for example, the changes in these predicted probabilities that result from increasing the sodium content of "Entree 1" by one standard deviation (234mg of sodium). We do this holding constant the sodium level in the other non-vegetarian offering and holding the other nutrient levels (protein, carbohydrates, and fat) constant across all options and entrée categories. We undertake similar analyses for protein, carbohydrates, and fat changes (increasing each value one standard deviation, 3.2grams for protein, 3.9grams for fat, and 6.8grams for carbohydrate). We also present average changes in probabilities for various demographic groups using the sample joint distribution of all of the other individual and entré e characteristics.
After presenting these results, we present a hypothetical examination of how variations in school lunch nutrients and changes in menu offerings affect the average probabilities of the students choosing different offered lunches as well as the nutrient intake of the average student. For all models, we use a parametric bootstrap procedure to obtain estimators of the standard errors of these quantities by sampling from a Nĉ; d
Rĉ ð Þ , whereĉ is the vector of all of the estimated parameters in the model andR c ð Þ is the estimate of its covariance matrix.
Data
Data were collected from a suburban school district in South Carolina in spring 2013 after the implementation of the new USDA nutritional guidelines (except the guidelines pertaining to sodium as these were to be implemented later). The sampled school district's Food and Nutrition Services Department (FNSD) creates monthly lunch menus that meet federal and state guidelines. Since lunch menus are set at the district level, all schools within the district have the same menu each day. Students and parents can access these menus online, and the menus are also sent home with each student on a monthly basis. The FNSD also posts nutritional information of the offerings on its website. This information includes calories, fats, carbohydrates, protein, and sodium only; no breakdown of macronutrients (e.g., saturated fats) is provided. Caregivers and students can use this information when making decisions to buy a school lunch or bring a lunch from home.
We limit the analysis to elementary schools because they have the highest NSLP participation rates (USDA 2012). Student-level, daily point of sale (POS) data were obtained from the FNSD transaction logs. In the cafeteria, students complete transactions by entering their unique personal identification number (PIN), which is linked to account information regarding lunch-price status (Free, Reduced, or Full Price). 5 We utilize the PIN to track student-level purchases over the study period and to match transaction data to absentee data and demographic information on all enrolled students' race, gender, and grade level. If a student attended school but did not purchase a lunch on a particular day, we assume that student brought a lunch from home. 6 Students that never purchased a school lunch during the study period were dropped from the analysis due to the lack of lunch-price status information.
On a typical day, a student who chooses to eat the school lunch chooses from three entré es. One of the entré e options, the "vegetarian lunch," contains the same food items every day: string cheese, flavored yogurt, and assorted crackers, so its nutritional composition remains approximately constant across days. In addition, students select from two fruit, two vegetable, and two milk options. To complete the transactions, a cafeteria cashier enters the entré e selection and the student's account is debited the appropriate amount given the student's lunch-price status. Information pertaining to the selection of other NSLP components (e.g., fruits or vegetables) is not entered into the POS database; hence, we only observe the entré e choice.
Students may also have the opportunity to purchase a la carte foods, such as dessert, milk, or chips. In the sampled elementary schools, a la carte transactions account for less than 0.5% of total transactions. Given the available data, this paper focuses only on entré e selection, not consumption.
7 Entrée selection data were collected for each school day in which lunches were served between January 7 and April 30, 2013 (66 days) at the district's 11 elementary schools.
Thirty-six different entré e options were offered in rotation during the study period. Most entré es provided the meat/meat alternate as well as a grain lunch component (e.g., bread item, pasta, brown rice, etc.). Over the study period, there is variation in the offerings' pairings; specific entrée offerings are not always offered with the same competing entré e. Daily offerings of the two nonvegetarian entrees are summarized in table A.1 in the supplemental appendix online. We categorize the entrees into six meal types based on their taste profiles: Pizza-like, Mexican-style, Breaded chicken, Hamburger/ hot dogs, Sandwich, and Other. In addition to cheese and pepperoni pizza, the Pizza-like category includes three entrees such as stuffed crust dippers and mozzarella cheese sticks. Breaded chicken includes all bite-sized chicken entrees and the chicken sandwich for a total of seven entrees. Mexican-style entrees are nachos, enchilada pie, and beef tacos (three entrees). The Hamburger/hot dog category also includes barbeque items for a total of four entrees and the Sandwich category contains five entrees. The final category, Other, is the largest group, containing 12 entrees.
Nutrition information for each of the entré es served was provided by the FNSD and includes total calories (kcal), fat (grams), sodium (milligrams), protein (grams), and carbohydrates (grams) per entré e. As stated above, this nutritional information is the same information that is posted on the district's website and available to the student and caregiver. Table A .2 in the supplemental appendix online summarizes the nutritional content of each offering and presents information pertaining to the average nutritional content of each category. Table A .3 in the supplemental appendix online summarizes the frequency at which each taste profile category competes with other taste profile categories during the study period.
Results
Across all 66 school days represented in the dataset, 5,592 students purchased 279,698 school lunches. Table 1 provides summary statistics for key demographic variables. Students are evenly distributed across kindergarten through fifth grades. The majority of the elementary age students are White, 33% are Black, and 6% are Hispanic; 56% of students receive lunch for free and 36% of students pay full-price. On average, a student who ever participated in the NSLP over the study period purchased/received 50 school lunches during the sample period, or 79% of the days s/he attended school. Only 187 elementary school students (3%) did not purchase/receive a NSLP lunch at least once during the sample period; we exclude these Figure A . 1 shows that students receiving free and reduced-prices lunches are more likely to participate, on average, than students purchasing fullprice lunches. The figure also shows that some students participate regularly while other students participate rarely; this is true even for students eligible to receive free or reduced-price lunches. Figures A.2 and A.3 suggest that students have similar participation and purchasing behaviors with respect to the days of the weeks they participate and their taste profile preferences regardless of their NSLP lunch-price status. Specifically, participation is lower on Tuesdays and Fridays than other days of the week. Breaded chicken and Pizza-like are the most popular categories across all NSLP lunchprice status groups.
As shown in table 2, on average, a selected entré e contains 332 kcal, 15g of fat, 19g of protein, 30g of carbohydrates, and 722mg of sodium. There are no federal mandates regarding the nutritional content of NSLP entré es (a meat/meat alternative component that was generally served with the grain component at the study schools). However, the guidelines require that a complete NSLP lunch provide between 550 and 650 kcal (averaged over the week), leaving few calories for additional meal components (e.g., milk and fruit) when entré es are at the higher end of the caloric range. When transactions are separated by lunch-price status, the average nutritional values remain similar. However, there are a few statistically significant but numerically small differences. For example, paid lunches have 0.42 fewer calories and 0.04 fewer grams of fat than free lunches on average. Table A .2 in the supplemental appendix on line summarizes the nutritional content of the offerings as well as the number of days each item is offered and the popularity of each offering on days when it was offered. Chicken alfredo is highest in calories (571 kcal) and was only served once in our sample period, while the deli sliced turkey sandwich is lowest in calories (145kcal) and was only served twice. It is also the entré e lowest in fat (2.2g). The Rib-b-q has the highest amount of fat (25.5g). Total sodium ranges from 345mg in Italian spaghetti to 1,301mg in grilled cheese with chicken noodle soup. Breaded chicken is the most popular category. Specifically, chicken nuggets with honey mustard is the most popular item; it was offered eight times and, on average, was selected 3,144 times on days when it was offered. Enchilada pie was the least popular; it was only selected 169 times on average on the two days it was offered. Table A .2 also suggests there is variation in nutritional content of entrees within a taste profile category and across categories. Breaded chicken was the most energy dense entré e group, with an average of 375kcal per entré e; the Sandwich category contained the fewest calories (267kcal on average). Average fat content by category ranged from 11g (Sandwich) to 21g (Breaded Chicken). The Sandwich group, on average, contained the fewest calories and fat, but it is also the saltiest group (913mg). On average, Other is the group with the least sodium.
Mixed Logit Results
We begin by presenting a general analysis describing how students choose among the two non-vegetarian entré es, the vegetarian entré e, and the home lunch. We then provide context to these results by examining the predicted probabilities selecting a few hypothetical comparisons. Using our estimates from the mixed logit model, we calculate the change in the average student's lunch if the least-healthy entrée option was replaced by the healthier and relatively popular chicken sandwich entré e. We also present the change in predicted probability of selecting the vegetarian lunch and home lunch. General scenario: Entrée 1 vs. Entrée 2. From the likelihood function, we estimate the predicted probability of choosing each of the four choices student i faces on day d. Recall that on each day two non-vegetarian offerings were available. Entré es 1 and 2 are defined by the order they appear on the district monthly lunch menu. In table 3, the column titled "Predicted Probability" indicates the probability that Entré e 1 will be selected given the content of the four entré e options, averaged across all days and students. As shown, Entré e 1 has a 41.7% probability of selection.
8 Table 3 also reports how these predicted probabilities would change if one were to increase each nutrient level for Entré e 1 by one standard deviation while holding all other nutrient levels constant. If the protein content of Entré e 1 is increased by 3.2grams (one standard deviation of all entree offerings over the course of study), students are, on average, 2.8 percentage points more likely to select that offering. Increasing the fat content of Entré e 1 by one standard deviation (3.9grams) has a similar effect, though smaller in magnitude; students are only 0.2 percentage points more likely to select Entré e 1 because of this increase in its fat content. Increasing the carbohydrate content has the opposite effect; the average probability of choosing Entré e 1 over the alternatives decreases by 3 percentage points if the carbohydrate content increased by 6.8grams (one standard deviation). Thus, the first row of table 3 reveals that students prefer more fat and protein but dislike additional carbohydrates. While the results for sodium are positive, the effect is not statistically significant.
Average predicted probabilities and changes in predicated probabilities for Entrée 1 are provided for various socioeconomic and demographic groups using the observed joint distribution of individual and entrée characteristics. Students who pay full-price for NSLP lunches are less likely than students who receive free-or reduced-price lunches to select Entrée 1 (Bonferroni joint test p-value < 0.0001).
9 Compared to students receiving fullprice lunch, students receiving free lunches are more responsive to increases in the fat content of offerings (p-value<0.0001). While an increase in the fat content of Entrée 1 increases the average probability that a student receiving free lunch will select it, the same increase in fat reduces the likelihood a student who pays full-price will select Entrée 1. The results also suggest that students who pay fullprice are more likely to select offerings with more protein than students receiving free or reduced-price lunches (Bonferroni p-value <0.0001), and those who received free lunches are more likely to reject entrées with additional sodium relative to students who pay 8 Table 4 reports the predicted probabilities that "Home Lunch" is selected from the four options and the changes in these predicted probabilities that result from changing each nutrient level for the highest calorie lunch offered by one standard deviation, holding all other nutrient levels constant. We also examine how the average probability of each of the other lunch choices changes when we vary the nutritional composition of Entrée 1. Interested readers can find these additional reports in the supplemental appendix online. 9 This claim requires that the base probability of selecting Entré e 1 is larger for students who receive free lunches than students who purchase full-price lunches, and that the probability of selecting Entré e 1 is larger for students who receive reducedprice lunches than students who purchase full-price lunches. Here and elsewhere in the article where multiple comparisons conditions are required for the statement to be true, we use a Bonferroni bound correction to the individual, one-sided p-values, and report the maximum p-value from the set of comparisons. A small p-value indicates that there is considerable evidence that all of the individual, component hypotheses of no difference would be rejected. This approach differs substantially from a standard Bonferroni correction that only considers whether there is any evidence that any one or more of the statements specified in the null hypothesis is false. P-values from standard one-sided t-statistics are reported for single comparisons.
full-price or students who received reducedprice lunches (Bonferroni p-value ¼0.0044).
In our sample, on average, White students would trivially reduce their Entrée 1 purchases when it contains more fat ceteris paribus; other racial groups respond positively to increased fat though all of these effects are small. Black and Hispanic students would be less likely to select Entrée 1 if it contained more sodium, while White and Other students prefer more sodium. Black students would reduce their Entrée 1 purchases more than Hispanic students when the offering contains more carbohydrates (p-value¼0.0212). Girls in our sample prefer more sodium, while boys dislike sodium (Bonferroni p-value¼0.2046); however, the two groups have similar preferences for the other nutrients. The results also indicate that the youngest students disliked sodium the most (Bonferroni p-value ¼0.0110), while the oldest students preferred entrées with lower carbohydrate levels (Bonferroni pvalue ¼0.8210). Table 4 illustrates how changes in the nutritional components of Entré e 1 affect the propensity to bring a lunch from home. Across all days and students, there is a 21.2% probability of selecting a lunch from home. Increasing the fat, protein, or sodium content of a school lunch decreases the probability that students would bring a lunch from home. Students paying full-price are the most likely to bring a lunch from home (35.0% probability); and their home lunch choices respond more to changes in protein (Bonferroni p-value<0.0001), carbohydrates (Bonferroni p-value¼0.0508), and sodium (Bonferroni p-value<0.0001) than students from lower socioeconomic backgrounds. Reducing the protein content or increasing the carbohydrate content of school lunches would result in significantly more students who pay full-price opting to bring a lunch from home (Bonferroni p-value<0.0001). Overall, we find that students prefer entrées with more fat and protein, but interestingly are less likely to select a particular entrée if levels of carbohydrates are increased. At first glance these findings may appear counterintuitive; however, this result might be driven by some students' reluctance to choose whole grain items. The nutrition data provided by the school does not include information pertaining to the percentage of each entrée's total carbohydrates that are from whole grains. Thus, we do not have enough information to Note: Student-level point of sale (POS) data are taken from 11 elementary schools in a school district in South Carolina. We use simulations from the estimate of the asymptotic distribution of the estimators to obtain bootstrapped standard errors for the estimated effects (in parentheses). Asterisks * and ** denote significance at the 5% and 1% levels, respectively.
identify whether preferences for fewer carbohydrates are driven by students' dislike of whole grains. Additionally, the results suggest that simply adding sodium to an offering, without changing the fat or protein content, will not increase the likelihood that students select it. Students receiving free or reduced-price lunches are more likely to select entrées with more fat or less protein than students who purchase full-price lunches. There are also systematic differences in entrée choices by race/ ethnicity. Black students, for example, are more likely than White or Other race students to choose an entrée with increased fat (p-value<0.0001 and p-value¼0.0120, respectively) . Our results suggest that older students are less likely to select entrées with more carbohydrates; however, they are more likely to select entrées with higher sodium levels.
Replacing the least healthy entrée with a chicken sandwich. In this section, we put the results into context by examining the effects of replacing the least-healthy entré e offering each day with a relatively healthier chicken sandwich. Since least-healthy can be defined several ways, we repeat the analysis using three different definitions of least healthy: (a) highest calories; (b) highest fat content; and (c) highest sodium content.
We begin by defining the least healthy offering as the entrée having the highest calories. For each of the 66 days for which we have selection data, we categorize one of the school's non-vegetarian offerings as the less healthy of the two offerings using this criterion. Then we simulate how replacing each of these least healthy offerings with the (breaded) chicken sandwich on a whole grain bun (a relatively healthy and popular offering) affects the selection of the home lunch and the vegetarian offering. It should be noted that if the chicken sandwich is already offered we do not make any substitutions. We also calculate how the replacement of the least healthy offering each day with the chicken sandwich impacts the average selection of calories, fats, protein, and sodium over the 66-day study period on a per student basis. This analysis requires assumptions about the nutritional content of the home lunch so we repeat the analysis using different assumptions about the home lunch. Specifically, we repeat the analysis using the nutritional information of three different possible home lunches: (a) a peanut butter and jelly sandwich; (b) a nacho cheese dip and salsa Lunchable; and (c) a 6-inch Subway turkey and cheese sandwich. According to a recent study, peanut butter sandwiches were the most popular lunch from home; approximately 27.5% of the lunches brought from home during the study were peanut butter sandwiches (Farris et al. 2014) . The same study found that approximately 18% of lunches from home were Lunchables (Farris et al. 2014) . Thus, we use the nutritional content of these two popular lunches as well as an additional lunch of a Subway turkey and cheese sandwich. This option was chosen as a convenient and relatively healthy option (relatively low in calories and fat and high in protein) that is widely available in the study area.
The nutritional information of the chicken sandwich we substitute for the least-healthy option was obtained from the study school's FNSD: 326 kcal, 11.5g of fat, 19.5g of protein, 36g of carbohydrates, and 727.5mg of sodium. In the analysis we assume the following values: a peanut butter and jelly sandwich has 419 kcal, 18g of fat, 13.4g of protein, 50.1g of carbohydrates, and 431mg of sodium; the Lunchable has 380 kcal, 21g of fat, 7g of protein, 40g of carbohydrates, and 870mg of sodium; and the turkey and cheese sandwich has 331 kcal, 7g of fat, 20g of protein, 47g of carbohydrates, and 960mg of sodium (CalorieKing Wellness Solutions, Inc. 2016; Subway 2016; and USDA 2016) .
Using the actual offerings and predicted selection probabilities, along with specifying the lunch from home option to be a peanut butter and jelly sandwich, we simulate students' nutrient consumptions using the estimated mixed logit model. The top row of table 5 shows that over the sample period the average student's meal contained 348.0 kcal, 133.9 kcal from carbohydrates, 69.6 kcal from protein, 144.5 kcal from fat, and 662mg of sodium. The last two entries in the top row indicate the baseline predicted probabilities of selecting the vegetarian offering and bringing a lunch from home. It should be noted that the nutritional content of the home lunch does not influence the probability of selecting the home lunch or any other lunch options in these simulations; it only affects the nutritional composition of the home lunch option. This limitation arises because it is impossible to incorporate precise nutrient information about "potential" home lunches in the empirical model.
The lower panel of table 5 summarizes the simulation results when the least-healthy offering each day is replaced with a chicken sandwich and all lunches brought from home are assumed to have the nutritional profile of the peanut butter and jelly sandwich. When the highest-calorie offering each day is replaced with a chicken sandwich, the probability of selecting either the vegetarian entrée or the probability of bringing a lunch from home declines. This effect is largest for students purchasing a full-price lunch (baseline nutrient compositions and the effects of replacing the unhealthy entré e with a chicken sandwich by demographic groups are presented in the online supplementary appendix tables A.6. and A.7.) . The substitution of the chicken sandwich for the highest-calorie offerings leads to a 12.7 kcal (3.6%) reduction in the average caloric content of selected meals. In addition, the average fat content decreases by 23.6 kcal (16.3%), the average sodium content decreases by 34.4mg (5.2%), while the average protein content increases slightly. Similar results are obtained when the highest fat offering is replaced with the chicken sandwich. When least healthy is defined as the highest sodium offering, replacing the least-healthy offering with the chicken sandwich results in a 7.6 kcal (2.2%) reduction in the calorie content, a 15.8 kcal (10.9%) reduction in the fat content, and a 55.1mg (8.3%) reduction in the sodium content of the average meal. The results of repeating the analysis using different assumptions about the home lunch are similar and are presented in tables A.8-A.11 of the supplemental appendix online.
Collectively, the simulation results provide evidence that the menu offerings can significantly impact NSLP participation, and they suggest that the true impact of increasing the healthfulness of the school lunch depends in part on the healthfulness of the lunches brought from home. The new NSLP guidelines aim to reduce the sodium and fat content of offered school lunches while increasing whole grains (a healthy carbohydrate source).
10 Student preferences, however, will ultimately dictate the effectiveness of the new guidelines at improving child nutrition and combating obesity. If offering more healthful entrees leads to less participation (i.e., more lunches from home) and the lunches brought from home are less healthy than the previously offered NSLP lunches, the desired positive health effects may not be realized. However, the simulation results suggest that Note: Changes in baseline nutrition and predicted probabilities are estimated by replacing the "unhealthy" entré e option with a chicken sandwich. "Unhealthy" is defined by (a) the entré e with the highest calories, (b) the entré e with the most fat, and (c) the entré e with the most sodium. The chicken sandwich entré e has 326kcal, 11.5g of fat, 19.5g of protein, 36g of carbohydrates, and 727.5mg of sodium. We assume the lunch from home is a peanut butter and jelly sandwich that has 419kcal, 18g of fat, 13.4g of protein, 50.1g of carbohydrates, and 431mg of sodium. We use simulations from the estimate of the asymptotic distribution of the estimators from the mixed logit model to obtain bootstrapped standard errors for the estimated effects (in parentheses). All estimates are significantly different than zero at the 1% level.
schools can increase the healthfulness of their students' meals by replacing unhealthy options with relatively healthy options that are already popular amongst the students.
Discussion
We use a novel approach of combining POS data with school absentee data to show that students' choices of NLSP entrée options vary systematically by their taste preferences for fat, protein, carbohydrates, sodium, and food groups. These preferences vary by the students' socioeconomic status and demographic characteristics. Most notably, students who received free lunches were most responsive to the fat content of offerings in their choice of which lunch to purchase; increasing the fat content of a particular entrée increases the likelihood that these students select the entré e. Conversely, students who received free lunches were less likely to select entré es higher in sodium than those from higher-income families. Students who pay full-price exhibited opposite responses; they were more likely to reject meals high in fat, but preferred meals with higher sodium contents. In addition, these students are the most responsive to increases in protein.
Collectively, we find that there are systematic differences across socioeconomic and demographic groups. If the observed systematic differences persist over time, then the health of the individuals or groups of individuals that consistently select the least healthy entré es would likely be negatively impacted. For example, assume a student selects the highest calorie entré e from the set of actual school offerings for each of the 66 study days. Over the study period, this student will potentially consume 5,824 more calories from the lunch entré es than a student who selects the lowest calorie entré e option each of the 66 days, or 88 more calories per day, on average. Similarly, a student consistently selecting the highest fat entré e will potentially consume 501.5 more grams of fat from the entree portion of the lunch over the 66 days than the student that consistently chooses the lowest fat entré e options, or 7.6 more grams of fat per day, on average. Assuming no changes in daily food intake other than the lunch entree, in both scenarios, more than a pound could be gained as a result of lunch choices over a two to three month horizon. The cumulative effects over time, in terms of childhood onset hypertension (Bucher et al. 2013) , obesity (Han, Lawlor, and Kimm 2010; Scerri and Savona-Ventura 2011) , cardiovascular disease risk (Cook and Kavey 2011) and diabetes (Dabelea et al. 2014) , could be substantial. Over the longer term, these differences may lead to health disparities across race and socioeconomic groups. Further, the variance in the nutrient levels across meals may explain the previous mixed findings regarding the impact of the NSLP on participant health and obesity rates.
The results also have important policy implications. The new NSLP guidelines reduce the level of sodium, saturated fat, and transfat while increasing whole grains in NSLP offerings. Nationwide between school year 2010-11 and 2012-13, the number of students receiving free lunches increased while the number of students purchasing full-price lunches decreased, leading to an overall reduction in participation by 3.7% (Government Accounting Office 2014). The results of our analyses suggest that the underlying preferences for offerings with higher levels of fat and lower levels of carbohydrates may be driving the decline in NSLP participation. Full-price participants are most likely to respond to changes in the nutritional content of the offered entré es by opting out of purchasing a school lunch altogether. Our findings have particularly important implications for the NSLP's stated goal of reducing childhood obesity as they indicate that children are likely to reject those entré es that are most compatible with this particular aim. However, our results do suggest that the future guidelines reducing sodium levels may not trigger additional participation declines.
These results should not be interpreted as suggesting students will not benefit from the enhanced nutrition under the revised NSLP guidelines. Rather, we conclude that responses to the mandated changes in the nutritional content of offerings will vary considerably by socio-economic and demographic groups. Students who receive free and reduced-price lunches prefer the less healthy options, but they are often constrained by income and will likely continue to participate in the NSLP.
Consider, for example, a reduction in the fat content of just one of the offered school lunches. Students from higher socioeconomic groups, who on average prefer a meal with less fat, will become less likely to bring a lunch from home in response to this change; students from the lower socioeconomic groups, however, will become somewhat more likely to bring a lunch from home, but they will also be more willing to switch to a different entré e with a relatively higher fat content. The differential effects across socioeconomic groups suggest that it may be possible to offer meals with lower fat content and achieve a positive effect on overall NSLP participation. However, the ability to achieve an increase in participation with healthier meals requires an understanding of the students' taste preferences. Now consider the effects of increasing the carbohydrate contents of all the new school lunch offerings by requiring more whole grains. Under this scenario, students from all socioeconomic groups will substitute away from the school lunch by bringing more lunches from home. In this case, the success of the policy change will hinge on the healthfulness of the lunches that the students from all socioeconomic groups will begin to bring from home as they substitute away from school-offered options, as well as the (conditional) income effects on other household food purchases arising from higher expenditures on home-produced lunches. Overall, the results suggest that the new guidelines should be effective at improving the nutrition of school-age children, and potentially reducing child obesity, provided NSLP participation does not decline appreciably.
Use of POS data limits the analysis to entré e selection and does not allow analyses of foods actually consumed. Thus, we cannot determine if the observed differences in entré e selections result in similar differences in consumption patterns. Future research should examine the relationship between actual food and beverage consumption and income status.
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